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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electroconductive rubber material which is 
excellent in the processability and capable of preventing the surface imperfection while 
maintaining good electrical properties and to provide a process for preparing 
electroconductive parts for electronic photography using it. 
SOLUTION: The electroconductive rubber material comprises 100 pts.wt. of an 
electroconductive rubber, which is a copolymerizate of epichlorohydrin and ethylene 
oxide and/or allyl glycidyl ether, and 30-150 pts.wt. of a calcium carbonate. The above 
calcium carbonate is dispersed in the above electroconductive material in a state that 
the calcium carbonate has the maximum particle diameter of not more than 30 u.m, the 
mean particle diameter of 1-8 urn, and a ratio of the dispersed particles with a particle 
diameter of more than 15 jam is 10% or less. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The aforementioned calcium carbonate is a conductive rubber material 
characterized by distributing in the state where it is the conductive rubber material 
which consists of the conductive rubber 100 weight section which comes to 
copolymerize epichlorohydrin. and an ethyleneoxide and/or allyl glycidyi ether, and a 
calcium carbonate 30 - the 1 50 weight sections, and a maximum droplet size is 30 
micrometers or less in the aforementioned conductive rubber, and a mean particle 
diameter is 1-8 micrometers, and the rate of a particulate material with a particle size 
of 1 5 micrometers or more is 1 0% or less. 

[Claim 2] A calcium carbonate is a conductive rubber material according to claim 1 
characterized by being the precipitated calcium carbonate whose average of primary 
particle size secondary particle size is 5 micrometers or less, and is 0.03-1 .5 
micrometers. 

[Claim 3] the conductivity for electrophotography equipments characterized by the 
bird clapper from a conductive rubber material according to claim 1 or 2 — a member 
[Claim 4] the conductivity for electrophotography characterized by carrying out the 
grinding of the front face after fabricating a conductive rubber material according to 
claim 1 or 2 in the shape of a concentric circle and vulcanizing it on a conductive axis 
— the manufacture method of a member 

[Claim 5] the conductivity for electrophotography characterized by carrying out the 
grinding of the front face after fabricating a conductive rubber material according to 
claim 1 or 2 in the shape of a concentric circle and vulcanizing it on a conductive 
cylinder base material — the manufacture method of a member 
[Claim 6] the conductivity for electrophotography according to claim 4 or 5 
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characterized by the surface roughness Rz after grinding being 15 micrometers or less 
— the manufacture method of a member 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] the conductivity for 
electrophotography using the conductive rubber material and it which this invention is 
used for OA equipment etc. and are especially used for the purposes, such as 
electrification, an imprint, and development, — it is related with the manufacture 
method of a member 
[0002] 

[Description of the Prior Art] Each part material, such as OA equipment, is asked for 
the conductive ability accompanied by electric resistance nature, variation stability, 
environmental stability, etc., non-stain resistance, a low degree of hardness, low 
coefficient of friction, abrasion resistance, dimensional stability, etc. if needed. 
However, in the rubber design of mix which used the carbon electric conduction 
mechanism, since electric resistance was sharply changed according to processing 
conditions, such as a difference in a kneading state, and a rubber flow at the time of 
vulcanization, it was difficulty to suppress the variation in the electric resistance in a 
resistance field, while especially a volume resistivity value is 106 - 1010 ohm-cm. 
[0003] In order to solve this trouble, many methods of making [ of the homopolymer of 
epichlorohydrin or epichlorohydrin and an ethyleneoxide, 2 yuan using the 
allyl-compound guru SHIJIRU ether as a bridge formation component etc., or 3 yuan ] 
it into the conductive member for electrophotography using a copolymer are further 
proposed in JP,58-87572,A. JP.60-150071.A, JP,8-292640,A. etc. as polymer which 
has an ion electric conduction mechanism. 

[0004] It is difficult to, do the roll work and extrusion-molding processing work at the 
time of rubber kneading processing to an epichlorohydrin system polymer on the other 
hand. Generally it is known that it can solve when this problem adds a filler during 
rubber combination. In order to raise processability, with the good electrical property 
maintained which an epichlorohydrin system polymer originally has, reinforcement 
nature and electrical conductivity are low, and the filler of the calcium-carbonate 
system which can make [ many ] a fill is suitable. However, the surface roughness 
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when performing the surface skin and the grinding process at the time of extrusion, 
though roll processability was improved is not given to the level from which 
satisfaction is obtained only by carrying out combination kneading of the usual calcium 
carbonate. 
[0005] 

[Problem(s) to be Solved by the Invention] the conductivity for electrophotography 
using the conductive rubber material and it which this invention excels [ it ] in 
processability, maintaining a good electrical property in view of the above-mentioned 
present condition, and can prevent surface discontinuity — it aims at offering the 
manufacture method of a member 
[0006] 

[Means for Solving the Problem] The aforementioned calcium carbonate is a 
conductive rubber material currently distributed in the state where this invention is a 
conductive rubber material which consists of the conductive rubber 100 weight 
section which comes to copolymerize epichlorohydrin, and an ethyleneoxide and/or 
allyl glycidyl ether, and a calcium carbonate 30 - the 150 weight sections, a maximum 
droplet size is 30 micrometers or less in the aforementioned conductive rubber, and a 
mean particle diameter is 1-8 micrometers, and the rate of a particulate material 15 
micrometers or more is 10% or less, this invention is explained in full detail below. 
[0007] The conductive rubber material of this invention becomes the conductive 
rubber which comes to copolymerize epichlorohydrin, and an ethyleneoxide and/or 
allyl glycidyl ether, and a list from a calcium carbonate. 
[0008] The 3 yuan copolymer which consists of the 2 yuan copolymer and 
epichlorohydrin which consist of the 2 yuan copolymer, epichlorohydrin, and allyl 
glycidyl ether which consist of epichlorohydrin and an ethyleneoxide as the 
above-mentioned conductive rubber, an ethyleneoxide. and allyl glycidyl ether can be 
mentioned. Especially, the 3 yuan copolymer which consists of epichlorohydrin, an 
ethyleneoxide, and allyl glycidyl ether is desirable. 

[0009] As a calcium carbonate used by this invention, it is desirable that it is a 
precipitated calcium carbonate. Even if particle size of whiting is large and it is a 
pulverizing article, particle size distributions are latus and cannot acquire a distributed 
state predetermined [ after kneading ] easily. 

[0010] As the above-mentioned precipitated calcium carbonate, that whose average 
of primary particle size secondary particle size is 5 micrometers or less, and is 
0.03-1.5 micrometers is still more desirable. Here, primary particle size means the size 
of one particle when photoing a calcium-carbonate particle with an electron 
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microscope, and secondary particle size means the mean particle diameter obtained 
when the underwater dispersion liquid of a calcium carbonate are measured in a 
centrifuge. 

[001 1] If secondary particle size exceeds 5 micrometers, trituration and distribution of 
the calcium carbonate by kneading operation will become difficult, and a desired 
distributed state will no longer be acquired. It is 3.5 micrometers or less more 
preferably. While the adhesion behavior to the surface of metal of processing 
equipment will appear since the rubber molar fraction of the appearance on the front 
face of forming becomes large, if the average of primary particle size is less than 0.03 
micrometers, when a bird clapper has the surface-state improvement effect small and 
it exceeds 1.5 micrometers, the surface discontinuity by the foreign matter and the 
surface discontinuity by the calcium-carbonate defluxion at the time of grinding may 
appear notably at the time of extrusion molding. 

[0012] The content of the above-mentioned calcium carbonate in this invention is the 
30- 150 weight section to the above-mentioned conductive rubber 100 weight 
section. If the desired processability improvement effect is not acquired as they are 
under 30 weight sections, but the 1 50 weight sections are exceeded, there will be too 
many fillers and faults, such as increase more than required of the maldistribution at 
the time of kneading, the defect by calcium-carbonate powder remains, and a degree 
of hardness, will be produced. It is the 50- 120 weight section, and is the 90 - 1 10 
weight section more preferably. 

[0013] The above-mentioned calcium carbonate is distributed in the 
above-mentioned conductive rubber in the state where a maximum droplet size is 30 
micrometers or less, and a mean particle diameter is 1-8 micrometers, and the rate of 
a particulate material with a particle size of 15 micrometers or more is 10% or less. 
[0014] If a maximum droplet size exceeds 30 micrometers, the surface discontinuity 
by the foreign matter and the surface discontinuity by the calcium-carbonate 
defluxion at the time of grinding will appear notably at the time of extrusion molding. 
Preferably, it is 25 micrometers or less. 

[0015] Since the rubber molar fraction of the appearance on the front face of forming 
becomes it large that a mean particle diameter is less than 1 micrometer, while the 
adhesion behavior to the surface of metal of processing equipment appears, the 
surface-state improvement effect becomes small. Furthermore, it needs to be 
kneading distribution operated more than required to acquire such a distributed state, 
and a problem is produced in a production cost. On the other hand, if it exceeds 8 
micrometers, the desired processability improvement effect is not acquired, but the 
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surface skin at the time of extrusion molding will become bad, and the surface 
roughness at the time of a grinding process will also become large. Preferably, it is 1-4 
micrometers. 

[0016] That whose particle size is 15 micrometers or more among the calcium 
carbonates currently distributed in the above-mentioned conductive rubber cannot 
cover the effect of decreasing irregularity, when making contact to partner material 
uneven, and becoming the cause of a picture defect and forming an outermost layer of 
drum by coating. If the rate of a particulate material 15 micrometers or more exceeds 
10%, the surface discontinuity by the foreign matter and the surface discontinuity by 
the calcium-carbonate defluxion at the time of grinding will occur at the time of 
extrusion molding. Preferably, it is 5% or less. 

[0017] It is not limited especially as a vulcanizing agent used with the conductive 
rubber material of this invention, for example, oil sulfas, 6-methyl quinoxaline -2. a 
3-dithio carbamate, etc. can be mentioned. 

[0018] It is not limited especially as a vulcanization accelerator used with the 
conductive rubber material of this invention, for example, a diethyldithiocarbamic-acid 
tellurium. N-cyclohexyl-2-benzothiazole-sulfenamide, a diphenylguanidine, 
tetramethylthiuramdisulfide, a mercaptobenzothiazole, etc. can be mentioned. These 
may be used independently and two or more sorts may be used together. A rubber 
additive with a still better known conductive rubber material of this invention may be 
added. 

[0019] The above-mentioned conductive rubber, a calcium carbonate, and the rubber 
additive chosen suitably are kneaded so that the distributed state of the above [ a 
calcium carbonate ] can be acquired by predetermined kneading operation. Unless a 
setup of kneading conditions is appropriate, the distributed state of a calcium 
carbonate becomes bad and sufficient processability improvement effect is not 
acquired. For example, it is desirable to obtain the uniform kneading object which does 
not have remains fine particles using a conventional method, such as to add 
plowing-to-replace-surface-soil-with-subsoil operation on the way, using a kneader 
as kneading equipment. 

[0020] Without causing aggravation of the sheet skin at the time of kneading 
processing, and the fall of processability, with the good electrical property maintained 
which an epichlorohydrin system copolymer has by specifying the distributed state of 
the calcium carbonate which carries out kneading distribution to an epichlorohydrin 
system copolymer, the conductive rubber material of this invention improves the 
surface skin at the time of extrusion, makes small surface roughness when performing 
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a grinding process, and can prevent surface discontinuity. 

[0021] After fabricating the conductive rubber material of this invention in the shape 
of a concentric circle and vulcanizing it on a conductive axis or a conductive cylinder 
base material, the conductive member for electrophotography can be manufactured 
by using a cylindrical grinder etc. and carrying out the grinding of the front face. When 
conductive rollers, such as an electrification roller when the conductive rubber 
material of this invention is fabricated on a conductive axis, as shown in drawing 1 , a 
developing roller, and an imprint roller, are obtained and the conductive rubber 
material of this invention is fabricated on a conductive cylinder base material, a 
conductive belt as shown in drawing 2 can be obtained. 

[0022] The method of manufacturing the above-mentioned conductive member for 
electrophotography is also one of this inventions, the above-mentioned conductivity 
for electrophotography — in the manufacture method of a member, it is desirable that 
the surface roughness Rz after grinding is 1 5 micrometers or less If surface roughness 
Rz is 15 micrometers or less, the surface discontinuity of the shape of a hole 
generated by defluxion of a calcium carbonate at the time of grinding will not occur. 
Therefore, when it is used as a conductive member for electrophotography, uniform 
contact nature with partner material is obtained, and a desired function can fully be 
demonstrated. It is 1 3 micrometers or less more preferably. You may use the 
conductive rubber material of this invention for members for electrophotography, such 
as an electrification blade, a cleaning blade, and a toner regulation blade, further. 
[0023] 

[Example] Although an example is hung up over below and this invention is explained 
to it in more detail, this invention is not limited only to these examples. 
[0024] <Examp!e 1 > To the rubber compound which consists of combination 1 shown 
in Table 1 , using the tangent formula kneader (product [ made from MORIYAMA ], and 
actual capacity 75L), kneading operation was performed and the rubber kneading 
object was obtained. The ten-place sampling was performed at random from the 
obtained rubber kneading object, and for every sample, at 160 degrees C, the rubber 
sheet with a thickness of 2mm was vulcanized for 30 minutes, and was produced. In 
addition, the calcium carbonate used by each combination was shown in Table 2. 
[0025] From four places with each obtained arbitrary rubber sheet, the 20mmx20mm 
rubber test piece was pierced, and the cross section was observed by one 200 times 
the scale factor of this with the scanning electron microscope. An example of a 
picture was shown in drawing 3 . The calcium-carbonate distribution state of the 
acquired picture was analyzed using image-analysis equipment. Consequently, the 
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mean particle diameter of the calcium carbonate currently distributed was 2.78 
micrometers, the maximum droplet size was 24.1 5 micrometers, and the rate for which 
a particle with a particle size [ to measurement particle total ] of 1 5 micrometers or 
more accounts was 0.2%. 

[0026] Moreover, extrusion molding of the obtained rubber kneading object was 
carried out with the crosshead extruder, and the surface state (extrusion-molding 
skin) of an extrusion-molding object was checked visually. Consequently, it checked 
that the surface skin was good, furthermore, this extrusion-molding object — metal 
mold — it vulcanized at 1 60 degrees C inside for 30 minutes, and grinding was carried 
out with the cylindrical grinder after cooling (grinding stone : GC80) As a result of 
measuring a grinding front face by the surface roughness measuring device (the Tokyo 
energy machine factory company make, surfboard circuit tester), surface roughness 
Rz was 1 1 .5 micrometers. As a result of observing a surface state by one 200 times 
the scale factor of this with a scanning electron microscope, it was checked that the 
good grinding front face is obtained. 

[0027] <Example 2> Production and evaluation of a kneading object were performed 
by the same method as an example 1 using the rubber compound which consists of 
combination 2 shown in Table 1. Consequently, the mean particle diameter of the 
calcium carbonate currently distributed was 2.47 micrometers, the maximum droplet 
size was 1 5.35 micrometers, and the rate for which a particle with a particle size [ to 
measurement particle total ] of 1 5 micrometers or more accounts was 0.05%. The 
surface skin after extrusion molding was also good, and the surface roughness Rz on 
the front face of grinding was 1 0.8 micrometers. As a result of observing a surface 
state by one 200 times the scale factor of this with a scanning electron microscope, it 
was checked that the good grinding front face is obtained. 

[0028] <Example 3> Production and evaluation of a kneading object were performed 
by the same method as an example 1 using the rubber compound which consists of 
combination 2 shown in Table 1 except having used the Banbury mixer (the Kobe steel, 
Ltd. make, No. 3 Banbury mixer) for the kneading machine. An example of the picture 
of the scanning electron microscope of the rubber test piece cross section pierced 
from each rubber sheet was shown in drawing 4 . Consequently, the mean particle 
diameter of the calcium carbonate currently distributed was 2.71 micrometers, the 
maximum droplet size was 18.65 micrometers, and the rate for which a particle with a 
particle size [ to measurement particle total ] of 1 5 micrometers or more accounts 
was 0.34%. The surface skin after extrusion molding was also good, and the surface 
roughness Rz on the front face of grinding was 12.1 micrometers. As a result of 
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observing a surface state by one 200 times the scale factor of this with a scanning 
electron microscope, it was checked that the good grinding front face is obtained. 
[0029] <Exampie 1 of comparison> Production and evaluation of a kneading object 
were performed by the same method as an example 1 using the rubber compound 
which consists of combination 1 shown in Table 1 except having used the Banbury 
mixer (the Kobe steel, Ltd. make, No. 3 Banbury mixer) for the kneading machine. An 
example of the picture of the scanning electron microscope of the rubber test piece 
cross section pierced from each rubber sheet was shown in drawing 4 . Consequently, 
the mean particle diameter of the calcium carbonate currently distributed was 6.08 
micrometers, the maximum droplet size was 31.3 micrometers, and the rate for which 
a particle with a particle size [ to measurement particle total ] of 1 5 micrometers or 
more accounts was 1 1 .0%. The surface skin after extrusion molding was a little bad, 
and the surface roughness Rz on the front face of grinding was 16.2 micrometers. As 
a result of observing a surface state by one 200 times the scale factor of this with a 
scanning electron microscope, many crevices considered to be the remains of 
defluxion of a calcium carbonate by the grinding front face were observed. 
[0030] <Example 2 of comparison> Production and evaluation of a kneading object 
were performed by the same method as an example 1 except having used the rubber 
compound which consists of combination 3 shown in Table 1. An example of the 
picture of the scanning electron microscope of the rubber test piece cross section 
pierced from each rubber sheet was shown in drawing 5 . Consequently, the mean 
particle diameter of the calcium carbonate currently distributed was 8.46 micrometers, 
the maximum droplet size was 36.8 micrometers, and the rate for which a particle with 
a particle size [ to measurement particle total ] of 15 micrometers or more accounts 
was 13.1%. The surface skin after extrusion molding was a little bad, and the surface 
roughness Rz on the front face of grinding was 1 8.5 micrometers. As a result of 
observing a surface state by one 200 times the scale factor of this with a scanning 
electron microscope, many crevices considered to be the remains of defluxion of a 
calcium carbonate by the grinding front face were observed. 
[0031] 
[Table 1] 



[0032] 
[Table 2] 
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[0033] In addition, evaluation of the extrusion-molding skin in each example and the 
example of comparison was performed on the following criteria. 
[Extrusion-molding skin] 

O : the front face of an extrusion-molding object is smooth. 

*#: Slight irregularity is accepted in the front face of an extrusion-molding object, 
x: Much irregularity is accepted in the front face of an extrusion-molding object. 
[0034] Furthermore, the following evaluations were performed in each example and 
the example of comparison. 

Viewing estimated the state of the rubber kneading object obtained in [state of 
kneading object] each example, and the example of comparison on the following 
criteria. 

O : distribution of a calcium carbonate is good, 
x: Distribution of a calcium carbonate is poor. 

[0035] The following criteria estimated the roll processability at the time of producing 
a rubber sheet using the rubber kneading object obtained in [roll processability] each 
example and the example of comparison. 
O : it can take out from a roll, 
x: It cannot take out from a roll. 

[0036] [Mooney viscosity] JIS K It measured based on 6300. 

[Vulcanization speed] JIS K It measured based on the die vulcanization examination B 

method (torsional-oscillation formula cone die vulcanization testing machine) of 6300. 

[Breaking strength] JIS K It measured based on 6251. 

[Elongation-after-fracture] JIS K It measured based on 6251. 

The resistance in [volume resistivity] applied-voltage 250V was measured. 

[0037] The above result was shown in Table 3. Furthermore, the histogram showing 

the distributed state of the calcium carbonate in each example and the example of 

comparison was shown in drawing 6 , and the scanning-electron-microscope - 

photograph on the front face of grinding in an example 1 and the example 1 of 

comparison was shown in drawing 7 as an example. 

[0038] 

[Table 3] 



[0039] 

[Effect of the Invention] Without the sheet skin causing the fall of a bird clapper and 
processability bad at the time of kneading processing, with a good electrical property 
maintained, since this invention consists of above-mentioned composition, the 
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surface skin at the time of extrusion is improved, and surface discontinuity can be 
prevented small [ surface roughness / when performing a grinding process ]. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section of a conductive roller 
[Drawing 2] It is the ** type view of a conductive belt. 

[Drawing 3] It is drawing showing an example of calcium-carbonate distribution state 
observation with the scanning-electron-microscope photograph in examples 1 and 2. 
[Drawing 4] It is drawing showing an example of calcium-carbonate distribution state 
observation with the scanning-electron-microscope photograph in an example 3 and 
the example 1 of comparison. 

[Drawing 5] It is drawing showing an example of calcium-carbonate distribution state 
observation with the scanning-electron-microscope photograph in the example 2 of 
comparison. 

[Drawing 6] It is the histogram which shows the distributed state of the calcium 
carbonate in each example and the example of comparison. 

[Drawing 7] It is a scanning^electron-microscope photograph on the front face of 
grinding in an example 1 and the example 1 of comparison. 
[Description of Notations] 

1 Rodding 

2 Conductive Rubber Material Layer 
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